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MEMORANDUM FOR FILE

INTRODUCTION

This memorandum reviews the operational use of the
Apollo communications during lunar surface activities. The
discussion here is directed primarily at the G Mission, but
it should stimulate thought concerning future lunar landing
missions. A sinplified functional description is provided
to aid this thought about future missions and also to serve
as a basis for discussion of operational considerations
regarding the first lunar landing. Many varied factors
such as antenna visibility, mctabolic loading uncertainties,
consumzblos budgeting, and live TV coverags constraln the
use of the comaunication systoems during lunar surface acti-
vities. This discussion of these constraints points out
potential problems and suggests courses of action to alleviate
the problems.

I. FUNCTIONAL DESCRIPTION OF THE COMMUNICATION SYSTENMS

The LM Communications System consists of VHE (250-
300 MHz in this case) and S-band (2100-2200 MHz) subsystems
LM instrumentation data circuitry, crew audio and biomedical
circuitry, and the necessary signal processing equipment as
shown in Figure 1. '

The VHF sub-~system is used for communications with
the Command Module and the extravechicular crewmen. It ’
consists of two transmitters, two receivers, and three
antennas (Figure 2). Only one of the two receivers can
receive biomedical and suit data from an extravehicular crew-
man; they can both receive voice. When communicating with
the CM, one of the two inflight antennas is used -- aft or
forward depending on the LM attitude with respect to the CM.
When communicating with crewmen on the surface, the EVA
antenna prcovides omnidirectional coverage around the LM.

Only one of the three antennas can be used at a time - the
selection is made by manual switch operation in the LM cabin.
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The S-band subsystem which provides the deep space
link between the LM and the MSFN, has the capability for
transmissicn of voice, biomed data, T7, and systems data.
Most of the time this link uses the steerable antenna on the
top of the ascent stage. However, two other S-band
antennas provide additional coverage. The capability exists
toemploy a high-gain dish antenna that can be erected on the
lunar surface during extravehicular activity. This added
gain could alleviate a high data transmigsion rate problem
discussed in detail below.

The intravehiculer crewnen are linked to the L
Communicatcions System by electricel umbilicals., Voice

are sent to and from the crewnen, and biomedical data are sont
from the crewmen. The biomedical dato -- which consiste of a
he q?L beat signal (EKG - Electrocavdiogran) and respivation
rate -~ can only be sent frcom one crewman at a tiwe. Selaction
ol v“lch CLLNLSW'S biomad dats will be tr&rsmltteﬂ is made hy
manval overation of a switch on the LM pancl.

M ~;_,utem” instrumentation data is sent over the
S-band link to the MSFN. Data {low can occur zt a nign or low
rate; selection is made manuaelly by a panel switch.

When the two LM crewmen don their Portable Life

Support Systems, they begin to uvse the Extrave HLCUJB“ Cornunun -
ication Systems (LVCS) WulCh together with the extravehicular
suit and the PLSS make up the Extravehicular Mobility Unit
(EMU) . Communications between the EVCS and the LM/MSFN use
VHF 1links and the EVA antenna to obtain coverage in all direc-
tions around the LM (Figure 3). The extravehicular crewmen
have a full duplex communications link with the LM/MSFN. That
is, all three elements can send and receive at the same time.
The crewmen transmit signals cons 1qt1ng of voice, biomed data,
and EMU systems data and receive voice signals from the LM/MNTN.
The EMU systems data is shown in Table 1. The only biomed
measurement telemetered over the FVCS is heart beat (EXG); the

respiration rate measurement available when the crewmen are
connected to the LM Communication System by umbilical is not
available when the EVCS is used. However, while biomed data
can be obtained from only one crewman at a time when they are
hard-wired to the LM, the EKG measuremenl from both crewmen
can be obtained simultaneously when boch are using their EVCS.

Each EVCS contains an assortment of transmitters and
receivers (Figure 4). Various combinations of this equipment
can be manually selected by operation of a mode select switch
on the EMU Remote Control Unit -- a small control box mounted
on the crewman's chest. Three modes are available on each EVCS
(Table 2). The nominal mode for operating the two EVCS's
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simultaneously is illustrated in Figure 4. In this configu-
ration, the crewman wearing LVCS-1 (probably the first man

to egress) -serves as a relay for communication from the other
crewman to the LM/MSFN. A full duplex voice net is established
between the crewmen and the LM/MSFN, and the LM/MSFN 1is, in
addition, receiving EMU systems data and EKG signals from both
crewmen.

IT. OPERATIONAL CONSIDERATIONS

Present plans for lunar surface EVA on the first
lunar landing mission call for two crewmen to be on the
surface at the same time. One of the two, however, will precede
the other to the surface for a short period (about 50 minutes)
while he performs initial checks and collects the contingency
sample. The other crewman will then join him on the surface
for the remainder of the EVA period. For two reasons, both
crewnen don theilr PLSS's before depressurizing the LM for the
EVA. First, it is doubtful that one man can don his PLSS
without assistance from the olher. Sccond, if the crowman
stays in the LM were to wait until aftex egrvoess by tho first
to perform the switch-over from LM systeas Lo EMNU systems, he
would have to perform either a vacuum disconnect from the LM
systems or go through a second repress/depress cycle of the LM.
Vacuum disconnection of life support umbilicals is considered
hazardous. Requiring a second depress/repress cycle has an
obvious consumables penalty. In addition, it would not be wise
from a safety standpoint to close and seal the LM hatch and
pressurize the LM with a man on the surface. Thus, the two-man
EVA creates a situation involving two men in EMU's - one on the
lunar surface and one inside the LM.

who

A. Line-0Of-Sight Considerations

This one-in/one-out situation could present a line-
of~sight communications problem. The propagation of VHF radja-
tion roughly follows a visual line-of-sight. This raises the
question of whether two crewmen must maintain a strict line-of-
‘'sight contact to preserve their communications link. Tests
have recently been completed at MSC to determine the extent of
this line-of-sight limitation on the use of the EVCS's when
one man is in the LM and the other is oulside the LM. The tests
involved use of LTA-8 and prototype EVCS's in an anechoic
chamber. Voice communications were nevzr lost regardless of
the relative positions of the two crewmen. However, a few
short duration telemetry drop-outs did occur. The test
personnel were reluctant to attribute the drop-out to a line-
of-sight problem; they suspected a faulty LM communications
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system. As a hedge against the possibility of TM drop-outs,
however, the MSC personnel in charge of the EVCS recommend
that the first man to egress the LM carry the EVCS which
serves as a relay for the other. This recommendation is
based on the idea that a T4 loss frow the intravehicular
crewman could be tolerated more readily than a TM loss from
the man on the surface.

B. Bandwidth/Power Limitation

Present G Mission plans call for the first crewman
out of the LM to pause at the top of the LM ladder and open
the Modularized Equipment Stowage Assembly (MBESA), which is
located in the side of the descent stage adjacent to the
ladder. A TV camera will have been mounted insicde the MESA
in such a position that when the MESA is opencd, the camera
will be covering the foot of the ladder and surrounding |
lunar surface area. This camera will be turned on by the
intravehicular crewmnan to begin a live telecast to earth of
man's first steps onto the Junar surface. This opcration
nocescarily pracades deplovrent of the ercctoable antenna on

the lunar surface.

because this one-time reguirement for using TV
before the high-gain surface antenna has been erected was
not known at the time of the LM Communication System was
designed, the telecast presents a possible bandwidth/power
problem. Analysis has shown that simultancously trans-
mitting a TV signal with voice, EMU data, and EKG data from
two crewmen may result in degraded EMU and EKG signals unless
either the LM erectable antenna or a 210 foot earth-based
antenna can be used.* (The circuit margins when using the
85 foot MSFN antennas and the IM steerable antenna are too
low to assure reliable transmission of these data.) While,
it is not certain that a data loss would actually occur during
an initial G Mission telecast, the possibhility must be
recognized in mission planning. During.later missions, live
telecasts can wait for erection of the surface antenna.

It is much too late in the program to redesign the
hardware, especially to accommodate a one-time reguirement

*N. W. Schroeder, Power Margins for the LM/MSPN (85')
Communications Link at Lunar Range, Bellcomm Memorandum for
File, September 23, 1968.
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such as. an initial lunar telecast. The focus, then, ig on
what can be done operationally to cope with the potential
problem.

OPTIONS

1. ELIMINATION OF LIVE TV FOR FIRST STEPS ON LUNAR
SURFACE '

The desirability of a live telecast of man's first
steps on the lunar surface involves considerations that are
beyond the scope of this memorandum. Planning for this tele-
cast is well into the hardware implementation stage.

2. REMAINING ON LM SYSTEMS DURING INITIAL TELECAST

Since the circuit margin problem does not exist
when only one man is using his EVCS, one possibility would
involve postponing the intravehicular crewman's switch-over
from IM communications and life-support systems to EMU systems
until after the extravehicular crewman has erected the dish

anterma on the surface. But as discussad above in connaliliog
with the line--of-sight problem this alternative creates probloms
of its own -~ i.e., repress/depress or vacuum disconnect. Thig

latter dilemma could conceivably be avoided, however, by only
postponing switch-over of the electrical/communications umbil-
ical was still providing communications. This too has its
shortcomings. The LM umbilical does not contain circuits for
telemetering EMU systems data. The crewman would therefore be
using his EMU for life support while mission control had no
idea what its status was. The crewman himself has some status
information available, but the wisdom of requiring him to
perform his activities while monitoring his EMU is questionable.

3. DOING WITHOUT EMU AND EKG DATA

This leads to the PLSS/metabolic loading uncertainities
factor. What will be required of the PLSS during lunar surface
activities is not firmly established. ©Nor is its capability in
that situation known with certainty. The determination of PLSS
limitations therefore requires as much real-time information as
possible. Among the factors which contribute to a lack of
certainty in this area are the effect of a 1/6G gravitational
field, lunar surface traction variations, the lack of opera-
tional experience with the PLSS, psychological factors of excite-
ment and anxicty, and the inherent variations from crewman to
crewman. Adding all these factors together creates a picture of
uncertainty about what the PLSS will be asked to do and how well
it can do whatever is required during lunar surface activity.
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For this reason, it is important to maintain a thorough and con-
tinuous check on the biomzd -and EMU systems data while the EMU

is in use. It is important not only in order to better under-
stand the combined effects of all these factors, but also to
determine whcn the PLSS consumables red lines are being approaciied.
Thus, living with losses of EMU and EKG data, even for short
periods, has its drawbacks.

4. PLANNING FOR HIGH GAIN ANTENNA VISIBILITY

Another alternative to alleviate the problem would
involve planning the initiation of EVA to coincide with visibi-
lity of a 210 foot earth-based antenna. The 210 foot Goldstone
dish is the only such antenna now actually ready for use. The
210 foot dish at Parkes, Australia, however, is currently being
readied for use during the first lunar landing mission. Studies
of the availability of 210 foot coverage during lunar surface
activity have been performed.* It has been concluded that for
the present G Mission, free return profile, a 210 foot station
in Australia as well as in Goldstone is needed to provide a

high probability of covcang the first lunar EVA [or launchcs
during the latbter halfi of 1960, Even with the Australizn
antenna available, however, mission planning would be scomewhat

constrained to begin the EVA while & 210 foot dish was visihle.
In light of the other factors mentioned above, however, this
nay present the least of several inconveniences.

CONCLUSIONS

At least two potﬂntval operational comnunications prob-
lems are presented by the first lunar landing plans -- a line-of-
sight constraint and a bandwidth/power limitation. The line-of-
sight limitation, however, does not appear to be serious, if
existent at all. The MSC recommendation that the relay EVCS be-
carried by the first man to egress the LM is a sound one. If a
telemetry loss were to occur as a result of some problem with the
relay link, it would be desirable to have the crewman from whom

no telemetry is being received in as conservative a situation ‘as
possible.

"Possible operational solutions to the potential band-
width/power problem include elimination of the telecast of man's
first steps on the lunar surface, leaving the intravehicular
Crewman on LM systems during the telecast, doing without EMU and
EKG data from the intravehicular crewman during the telecast,
and planning for high-gain earth based aitenna visibility during
the telecast. Of these alternatives, planning for use of a 210

*D. R. Anselmo, Lunar Surface Television Coverage from
Parkes, Australia, Bellcomm Memorandum. for File, February 5, 1969.
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foot earth-based antenna seems to be the least undesirable solu-
tion to the potential problem presented by TV plapo for the

first landing mission. J
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"Attachments
Tables 1 & 2
Figures 1 - 4
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supiiel: Apollo Communications -~ Operational DATE: March 28, 1969
Constraints During Lunar Surface
Activities - Case 320 fRO:. W. H. Hodge
ABSTRACT

This memorandum reviews the operational use of the
Apollo communication systems during lunar surface activities.
The discussion is directed primarily at the G Mission, but
it should be generally applicable to later lunar landing
missions. A functional description of both the Lunar Module
Communications System and the Extrav:hicular (back-pack)
Communications System is discusced in simplified form as
applicable to lunar surface communications. The description
is offéred bhoth to stimulate thought about future lunar
landing missions and to provide a basis for discussion of
possible operationel problems during the first lunar lznding.

Two potential problems are discussed from ¢
operaticnal view-point. One, a possible line-of-zight
limitation on the link between the two crewmen has been the
subject of recent tests at MSC which show it to be minimal.
The other is a possible bandwidth/power problem in the LM
communications system which arises if TV coverage of the
lunar surface is desired prior to deployment of the high
gain surface antenna. Possible operational solutions to
this problem include postponement of the initial telecast,
leaving the intravehicular crewman on LM systems during the
telecast, doing without EMU and EKG data from the intra-
vehicular crewman during the telecast, and planning for
high-gain earth based antenna visibility during the telecast.
Of these alternatives, planning for use of a 210 foot earth-
based antenna scems to be the least undesirable solution to
the potential problem presented by plans to televise man's
 first steps on the lunar surface.




